Introduction
Many industrial instruments require small sensors. Interfrometry is a useful technique having the high accuracy advantage. We have proposed a standing wave detection type interferometer for a compact displacement sensor [1] . The standing wave is the interference fringe, which can be generated by the simple optical setup. When a coherent light beam is incident on a mirror and back reflected, the standing wave occurs in front of the mirror. Although the standing wave is the interference fringe having the period of λ/2, the thin film photodiode (PD) with the sub-wavelength spatial resolution can detect the signal. The sensor setup is simple as shown in Fig. 1 , since the beam splitter is not necessary. The collimated laser beam travels through the thin film PD and back reflected by the mirror. The sensor unit is constructed as shown in Fig. 2 by stacking planer elements in front of the collimation lens for LD.
On the other hand, there are two difficulties in the thin film PD. One is the low sensitivity. The almost light energy passes through the Si sensing layer without the absorption. The previous 40nm-thick PD has the sensitivity of 0.75mA/W. This is 0.15% compared to the typical value of the bulk Si PD (0.5 A/W). Another is the signal deformation from the sinusoidal curve (see dashed curve in Fig. 5 ). As illustrated in Fig. 3 , the light reflects at interfaces between Si and SiO 2 , or between SiO 2 and air. Some percentage of the back-reflected light (E 1 -) returns to the mirror (on the moving object), and travels the space between the sensor and the mirror 2-times with the double phase change (E 2 -). This generates the 2nd order Fourier component. 3rd and 4th order signals also can be mixed with the signal deformation. Therefore, reducing the reflection at interfaces is necessary for removing the signal deformation.
Principle
Since the thin film PD has SiO 2 /Si/SiO 2 layers, the Si layer can be considered as a Fabry-Perot cavity. The amplitude reflection coefficient at Si/SiO 2 interfaces is 0.55 due to the high refractive index of Si. When the Si thickness is m λ/2 (m: integer), the resonance occurs as shown by the peaks in Fig. 4 . Since the light intensity inside the cavity (thick curve) increases at the resonance, the PD sensitivity will increase. This is the resonant cavity enhancement [2] . The transmission ratio (thin curve) also increases at the resonance. This anti-reflection function reduces the signal deformation. At the resonance, the interference signal is generated by the superposition of two resonant fields generated by the incoming and back-reflected light beams, not by the simple standing wave. Depending on the position of the reflection mirror, the PD signal changes with the light intensity inside the cavity.
Results
The new thin film PD is aimed to have the Si thickness of λ/2 (λ=632.8nm), and found to have 1.15 λ/2 thickness. The obtained signal is the thick curve in Fig. 5 . HeNe laser (8.5mW) is used. The peak-to-peak signal amplitude is 81.6µA. For comparison, the previous signal from λ/4 thick PD is shown by the dashed curve with the signal amplitude of 3µA. The signal increases by 27 times. In addition, the new PD signal is somewhat relaxed in the triangular shape. Figure 6 (a) is the measured signal change when the substrate SiO 2 thickness is reduced by the etching. Since the phase condition of the reflection inside the SiO 2 layer changes, the PD signal changes in amplitude (shown by crosses) and shape repeatedly. The period of the change is λ/2 against the SiO 2 thickness. The higher order components (shown by gray circles) decrease when the transmission rate (shown by diamonds) increases. Thick and dashed curves in Fig. 6(b) are the theoretical simulation adjusting Si ( 1.15 λ/2) and SiO 2 t hickness parameters. These results agree well including the values. The shift of the periodic change of the photocurrent magnitude against the transmission rate or higher order components is reproduced. The dashed curves are at the exact resonant condition. The transmission rate and the 2nd order component are estimated to be 97% and 1%, respectively. Figure 7 is the experimental signal when another laser (678.8nm) is used for approaching to the resonance. The 2nd order component is 4.3% in this signal.
Conclusions
The resonant cavity enhancement is confirmed to be effective for improving both the signal intensity and the shape of the interferometer using the thin film PD.
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